Demolishing the great wall of biofilms in Gram-negative bacteria: To disrupt or disperse?
Bacterial infections lead to high morbidity and mortality globally. While current therapies against bacteria often employ antibiotics, most bacterial pathogens can form biofilms and prevent effective treatment of infections. Biofilm cells can aggregate and encased themselves in a self-secreted protective exopolymeric matrix, to reduce the penetration by antibiotics. Biofilm formation is mediated by c-di-GMP signaling, the ubiquitous secondary messenger in bacteria. Synthesis of c-di-GMP by diguanylate cyclases leads to biofilm formation via the loss of motility, increased surface attachment, and production of biofilm matrix, whereas c-di-GMP degradation by phosphodiesterases causes biofilm dispersal to new sites via increased bacterial motility and matrix breakdown. The highly variable nature of biofilm development and antimicrobial tolerance imposes tremendous challenges in conventional antimicrobial therapies, indicating an imperative need to develop anti-biofilm drugs against biofilm infections. In this review, we focus on two main emergent approaches-active dispersal and disruption. While both approaches aim to demolish biofilms, we will discuss their fundamental differences and associated methods. Active dispersal of biofilms involves signaling the bacterial cells to leave the biofilm, where resident cells ditch their sessile lifestyle, gain motility and self-degrade their matrix. Biofilm disruption leads to direct matrix degradation that forcibly releases embedded biofilm cells. Without the protection of biofilm matrix, released bacterial cells are highly exposed to antimicrobials, leading to their eradication in biofilm infections. Understanding the advantages and disadvantages of both approaches will allow optimized utility with antimicrobials in clinical settings.